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BA( K(iROlM) OF 1 HI \W I N 1 ION 

I he previa !:r> eniaer; relate- ^nvidb. > pLt-nc. :e. poKmcnc. flexible tubme 
bundle co:>t:a;e::o:;-. end naare par!:c :i ! .iT"i> to flame letardant multi-lube bundle 
eoij>!nie!;.-p.- pr: : :e ipa ; !;. for ^p!:eai !Pvr caMe i::M a! lation application- 

I !e\ibie 'iibiiie bundles of the type herein in\oi\cd are Used iii a \ ane'e. of 
instrumentation., control, -cnMiie and Hind transfer applications as shown, lor example, in 
I S Paten: \o> y.v^. 1 '^: -\ ;v 0.e~4; 4.0^^41; and 2.^n.2m i. and in the publications 
•d\:rnex \! !:>::;:•— tatam .e n Heat ! r aee i Pn.du,-,." rataloa 4>n_\l- 

! ' S \. \he. 2 : ' : - l \ Ifuke' Hanmf':: i ^pi'MliiT:. and " 5 a: .;tei !v x = !u;v-\a::\c 
Cabie brr'dii^l t ataloef ' Sumitomo l ; ccir:c i lahtwaw i - : n In , >:]<; a. .,<>... -ae!; 

handles m\ o;\ e an niner handle of hi eh dentil \ po !\ edi\ Sene. n\ Ion. 01 other plastic ti;bme. 
md ::■ nicKC \\^\' n -no^n-d- die bundle 1 ieePnah w;ivv opncui f.iv: 

: v;;\:', v. me 1, mc:"c'^\ pnwnic a mean- to; lie ;.u*:;nij of :;:e d^\v- ..eh >r: 
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mMailatiou and for >carceatuiL: different croupmc^ of those de\ ices Dcpcndine upon the 
requirement- o: the particular application, or m^tadatam. one or nave intermediate hf*er> ot 
■Iber. tape. ton. o: phiOc mux : v extruded, w kipp.d, knitted. wo\ en. ••: •• 'tilers >e p:<»\ aied 
hetw ccn the iaeket and tile tubme bundles as a ph\>ieal rv'.nforcemcm .aal > i t thcrma: or 
5 electrical insulation or ll am c resistance 

Indeed, tlanie retardanc\ is of particular importance m the ca>e of tubuie bundles for 
optical ilbei cable- or other sianuhne de\ ices intended lor \ ertical installation w ithin a plain, 
batldmc. o! oilier facflitx hi this re card, w uhout -on:e decree «>! Mamc rctardaik>. there can 
exi^t in a f::c Mkialion the potential lor Maine to pnsku'atc \ e:::ca;!\ aN>nc the tu ; k- ;:: hie 

1 1 1 bundle li •• adkk cut - ;u die -!r:a. tare \ccordiueb.. tun; he mcid^ > ■ .:, ; ,dcd a •: 

installation^ aencrali) must eoinpl>. m the I .S. and else v. here, w :th cer:a:n codes, -tandards. 
or other reeuialion>. most common' \ 1 ■ -der\ i > riter' - 1 ahoi\uor:es ill) Standard \o h'>fw.. 
"Test lor Manic Propagation llciaht of iicctrkud and ( )pt:ca!-l oner i \ihies handled 
Vertical i> in Mutts " A- a result, it i- believed that tuhma bundles ao^traco'^ mcetnie. 

n particuiarh, . 1 I iooo would be w ell-recei\ ed b\, amona oiher>. the optica! fiber cuhL* 
market 
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! he pvv-" ':;\e.:!vn directed !o :\\fh!e phtMu . i v. . : ; : : : .op"..^; : ,;. k;b;ue. mmdle 
construction^, aiul particularly to a tlanie relardanl muit; tunc u >n-oructn ai whan • - 
_ >! 1 partieula; ix adapted tor installation- of optical cables or oilier Meianinc; dc\ ico in ono 
aiaxiooonk ::: :\ .< ^ a.. f an: ::x :::c-s ■» ( .o'r.^t 'hernk: 'aoic hi;. ci whtcP. 




pro\ uicd to sur:ound 'lie therma! tmnsfer iaxei to :art!ier uts-date t!k t.f'v- to man'tam 'he 
:empe?ata:e fnc: eot 'below their mmtton or combustion tcnipei aUu l 1 he !uc i oht,i:': layer 




without the ncces>i!\ to pro\ide an innermost thermoplastic ia\c: which intended to 
i:iu.!!k'H;-!!^' or heme:';, and then n char a- a mca:> oi'pro\ ;d:nc. a fire -top hauiet 

In an :iiu>;:\i;i\ e . mbodm; err. :h^ \m ;m mmme •:) -*ruc!:o!' wu.aies at ,uhi one 
and. tvpicaiw. a p!uraht> ot hrah dcn-im or molcc.dar wemh: pi d\c:::> :cnc. n\hm. m otnei 

^ plastic tubes arranged m a bundle, An innermost hi\er of an ahummum or other metal loii 
tape, or other thcrmall) -conducts e material, is spiral or otherwise wrapped o\er the lube 
bundle. piefcrahw :n. an o\ erlappme. -p:ra: fashion, with a the tesistant !a\er of an aramid 
liber o- nther :e->!a:r. 'ape be::-.: -mra! w nipped o\ er r he me'ai ;«m! ia> c? < >pno:iail\. a 
:v!\ L s!e ot ,i'n:: inn; tape ma\ W -pua'i o; othcrw >e •. v oapp,d o\ er the lire- re si stair tape as 

< ' a moiMuic and ap.T hairic! -awn w a :ackct n »m:ed < •: a : 'amc : e: awiai : p^>. > 1 ; : > . 
chloride or oilier thermoplastic or plastic heme extruded 01 wrapped o\ er the \ apor barrier 
ia\ er 

I lie pre .sen: mxcntion. accordmeK. comprise- the ei u«. m 'in combination oi 
elements, and arrangement oi' eomponents which are e\empi:::ed :n me detailed di.-cio.mrc 
a to follow \d\antaee> of the present invention include a llexible tubing bundle tubing 
construction which is particularly adapted lor \ertical optica! liber cable installations, and 
w h:cb behe \ ed w ou'd compl\ w nh I I 1 noo requirements. Additional ad\ antages include 

<) contained heicm 
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described farther :r. connection w ith the follow ma Detailed 
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( ertam tcrmmo!oe\ ma\ be emphwed in die description in u»i low for com eiiienee 
5 rattier than for am hmitme purpose for example, the terms "forward." "rearward." "rmhl." 
"left." ■'upper." and "low er" domnate directions m the draw me> to w hac b reference :> made, 
with the terms "upa aid." "interior." "inner." > >r "inboard" and " m: w ard." "exterior." "e j le: ." 
or "outboaid" telcrrma. ; expect i \ ei> . to direction- toward am: aw a;, mmi t:v ie:ia m de- 
referenced element. a*d die terms "ladial" and "a\:a." eoo me : '. n » dire. ::om 
M> perpendieular and parallel to the central ionaiiudmai axis o: tie- mneremve clcmem 
1 ermmo!oe\ o: mpdar : report oo in a" than the words spec i deal !\ n entioncd aho\ e bkew is- is 
to be considered as "ncMU a seal for purposes oi\om emence rather than m an;, linn tine sense 



In tile fieures. elements ha\ me an alphaum 



d.es: cmnmi ma\ be referenced 



herein col leel i \ e!\ or m the alternative, as will be apparent from context. h\ the numeric 
portion of the designation onl\ further, the constituent parts of \ a: mtis dements m the 
deures ma\ he dcsmuutcd with separate reference numerals winch shall be understood to 
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designated with arrow, s 
for t'ne pum^m 



fallow, the precepts of the tubme bundle 
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'Pikai imei cane- 



. e\ v. ; . a .a- 



ivn; nana 



d a a a tiamtet i ^ w;tn;n mo^c \ia; othct appucat 



retardant flexible M^iin 
acneradb. at : ,! m 'he e ut-aw a\ \ ;ew of! ij i and :r: the mdia: c!o^ -e.Por.al new .a I a: 2. 
In i\i>k dimension-., hmma '>:jiniic ^'n>tru<. tmn ! : . x;cnd> ^xniih. m an mdcimate lenaih 
alone a central loueatudmai axi>. ! 2. and m a radial direeiiop, caa amicrcntialb. about axi> ! 2 
* in definine an outer diumctrie extent, rctereneed eenera!l> at "D " m the radial eros^- 
>eelionul new of He. 2. Such extent will vara depending upon, tor example, the number of 
tubes in the bundle, bul eenera!!\ uil' be een about ' ).25 1 11 1 men i'ihv.^ n cm ) 

\^ ma\ 'he -ec:: m the diflercn! \ lew - of I u> ! and J. ' ab:re ma aiic a* wi^ti'aelaM . : 1 1 
mehule-. a: IcuM o;v and. 2. a I 1 ', o: e.ui 5" o: mlv member-, one of 

I o w huch :< refei eiked at 1 * \- w :th file o\ era!! dimension** m :..n ua n.a.d h , . a: a : ;, - : ; - =. 
the dimension^ of tube members 14 mu\ \ ar\ with t lie particular appiieation envisioned 
Typieallv. howc\er. eaeh of the iube> i 4. w h ch :nu\ 'he m die van:, or different vac. will 
ha\e an inner diameter of between about n^\^^2■2 l >^ meii i 1 1 ! <N :v ,v em), and an outer 
diameter of between about 1 1 ! ( 11 ] -2 ' meh ("^40 45 cm- io de:mc a wuii thackuc^ 

15 dierebetween of bet ween about n u I i 25n meh i f i.5-f» mm). 

t onv cntionalK. eaeh of the tube members 14 muv be pro\ided as extruded, molded,. 
• v otherwise termed of a plastic, i e.. thermoplastie. material, which material ma\ be the 
-ame a.-. ■• d i : ! ere 1 a m,;-,. the pla^P.e materia! toimmc fne ofnn :;/\ member - '4 v.;:\o!;: 

2 { ) pol\\in\l eidoride-. polvimuie-. poivureihanes. po!\i ether ether ketone). pmnaiv: imicL v 
poh bui\ ieue and poh. et i\ !e; -e ■orcphthalatcs. pob. Mil tone-, poh aer\ lies, 
pob. naethv iacrv \ -a p. me::;. : m.c: : v.er. 'at, v p» "\e -a a\ ;\ ,! a^:a a".d .'her 
urethap.c^i. aeaa'.d. •si'-.-.a.i ;\>i*,;:a'> oi ha a-, eta , -o ,, -m ^aai .. . »p. • v • •• . : .ad. p'aac: a' M :\ . 

characict i >t u ^uei; >h eoeilieieiu o: inetion. pii'^ical 
a ^ a a' " . - d fa-. • ■' ■ '"e ca->c , a 'had transfer, eiiemaeal compatibilit\ w it!) the ihaae' heme 




c*h\ Icncpropwnc-dienc monomer (I : IM)Mi. nitnlcdvatadicnc (NMRi or st>rene-hutadiene 
isHRi. • ' m-end .; t , ; |i a- -k^cne P r op\ iene-h IM 1 PR. or \ MR.. o : - a copob.mer or 
blend e: a::\ < »:' the !« mii : : ! he term "\\mkc::v i-.m 1 ^'-" .:N*< -noaid K a:..:.; ^I'm! to 
encompass ma!. rati- -a inch aitemati \ el\ ma\ he :v»M:vii> .1- tkcrna 'pla-'ac 

elastomers Mich ^ pol\ uredunes. silicones, t luorovdicoiK-. r\\ rene-!<« >prene -styrcne 1SIS1. 
and >tvrenedMiiadienc-styrene (SBSi. as well a> other poKmcrs which exhibit rubber-like 
properties -ach as plastici/ed mkms. po]\e>ter>. eth\lene \ m\ : acetates, and poiwim! 
chlonde^ 

! he material vrmmc. tube member*- ; 4 ma\ ::u iuie Mi iei - and additi\ es. w h:ch ma\ 
'he in liquid. powde:. paM;c u-ale. 'lake. i : *vr. or other mine an-.: a :a h ; :ne. -pelade 
eleetnea! !\ -conducts e tillers. pigments, microw a\ e-aUcnuatmc. fillers. thcnr.alU -eoiuiueti\ e 
tiller-, lubricants, w ettine aeent>. stabilizers, antiox ideals, pmmemv o<iorma or opacifying 
aaents. luminescent-, lieht reileclant-. chain exleiklme om. :aek;!ler-. hMw ma aecnts. 
toaniiPaa or anti-ioamine aecnts. rem loreements such a- eki.--. caf^ <:a o; textile P'v-. and 
partieularh lire retardants such as hulo;aenated compounds, metal oxides and salts, 
intercalated graphite particles. borates, sdoxanes. phosphates, aiasv, jndiow or soiid akiss or 
c;a.-!' i! ; , c-- mv o^p'mrc^. silica, silicate-, mica, and the like I\p;ea!!>. the fliers and 
addnrw- a:. Ui c:nicd ometwi-c adamxed win the mi-c pod-onee .ad m.e. t •••-pr;-a 
heiw eel; a'\ MP. 1 : ; 1 o: m< e . b\ lopf v oaam- ok the tormniapo:; 

haeh ok the tube members 14 extends loneitudmaiK alone. a\:> '. 2 aeue: ak> paraiie- 
to ea-. k ok :kc other lube member s 14. and arc packed > >r otherwise alMitpnah arranged with 

memdv: - ( >p.c > >• na "a 



' e ■■ . a, 



hmuhe 'eici.m ei 

0 - 5 '* Pa;.- p, : 
one of t'ne consti 



nt tube members 



4 h.dew am 



( )pt:or;ah\. at \aa< one thermal Iran- ■ "^:* !a\c:\ a". ma> he prv-MdcJ a> aw innermost 
laver u 1 vj^rar-d a die _a h«r ^ oiah.ctmc. - "■ ■ i -.erw ; d;>s:paim ; heal aw .a. :rom the tab- 
memhe:- 14 ::; the e\.n:t "la. the -.a! a and the:e ; w ,:^eo.me m :■ lamaama w j tube 
memher> 1 4 at tempeiatar,. below th. comhu>tion temperature :he:co; Ihcrmal transfer 
la\cr a" max he lormcd from a copper, aluminum, or other ir.ei.al foil tape, or other 
thermalK-conducmc or dissipatixe material, which ma> he -pirai. i e . hchcalK. trapped in 
an o\er!appme manner alone axis \2 o\er the surlaces oi the outer tube mcmhei's 14 
form me" :!:e himd'e 2'- 1 ! Vpcndma a jam upon tic number • M !:ihe members 14 m the (Hind I e 
2a i. sueii tape nu:\ 'ne hetw een aboui " * ; - J ' ! inch i ; ; 1 1 cm i w ale. and ha\ e a :it:e hue-- of 
'•vtw e e * i a'^oa' 1 2 < i 1 : i 1 1 r »J ^ 1 1 ! •" • mm i it a in .ippi ev. :a; cd .h.U. • a •; mcd. ".: e ::\;' 
transfer la>er ; " exhibits a reiati\e!> huh. a> compared to ihe tahe members 14. thermal 
conduct! \ \\\ of. foi example, at ;ea.-a about m 14 \\ aa K w h: J: > a! fee ;i \ c to di<-:p.:!e he.it 
h\ conduction ><r otiter thermal transport mechanism awa> trom the interior oi the luhe 
bundle J ( ' In -ncia ice, thermal (ran>!ci la\ e: : ; iormcc o: aw electrical !;■. Ct mductn e 
material. ma\ he grounded depending upon the requirements of the particular application. 

In further accordance with the precepts of the present invention, at leas! one hre- 
re k astant !a\er. 4u. h pro\ uled to >unouud the thermal transter la\er a M or. if no laxer ;, » is 
emphw evi. to -nrroupd the tube h-mdie J 11 aiui a:w unarmed;. m he: - ':i,iO\ r.^e: ; ue 

therco* below their i -an it ion or combustion temperatuie \ccoidmei\. wimm a 'in -it ual ion. 
the tubes 14 ;:: bundle 2" are allowed *'me to melt and drip aw a\ Ihmii the construct urn 1 * >. 

mc!^ n > n aMi': .: ,u -m-ew 'ac -e f e\!i:\:a , M , .: t a a 1 .-: \\:P'e e;a... 



.a\ er 



ma\ 'ne formed of a imnaiv inane :a-;-U::;' materia 5 wh'ch 



. 1 . r r 1 " 



;u vi-- .1 i.i'A-J 



# 



^mi wulc. and ha\c a thickness of between about junOm 

tormeo a- ,1 'a eb. teit. oi omcr non- 



nctw ccri anoat ; men i _ m- 

*mN (2 mm.i ['referuhb*. the ::rc T 'c*mMuni iaxei 

e 1 1 labnc whueu ; - needled or * 'therw mc formed - ; ; : lament- or w inch max be m 

the form of a mom u* i lament. \arm thread, or p!\, or -tap'es. o! ait aramud or a/oie tiher. a 
5 blend of aramide or a/o!e tlbers. or a Mend of one or more aramud bhers and one or more 
a/ole fiber- Preferred a/oie fibers include polyphenvlcne be/obi^o\a/ole (PRO) and 
polxbcu/inuda/elc iPHh imcm. with preferred arannd fibers mciudmc. po]\ -paraphenx lone 
terephthalamudu fMcm. -uch u> those sold under the tradenames kemam- (1 i I )ul ) o;it de 
\emom- and ( o . Wiimmutom HI-. I >\t. icchnoru-' ( I cum ltd.. ! >k\.». Jupmi>. .md 

|<) Iwaroim lAk/o X^'-vl. \rnheim I he Netherlands, and po|\.m pmn, \ ^opmhalamnfo 
tibers. such as those -old under the tradename \ome\ - ; ' (DuPonti \i\ fire-resistant. ;t i> 
meant, lor example, that the material should exhibit a I mutum Uxxc.cn Index (! "h \alue. 
accordmu to An I M [ )- 2>>m ; -~~. of at least about 11 ; < r A particular!;, preferred frc-rc-i-taut 
material is a i«»w deu>it>. i.e. between about 5 • i 1 > oc \d . o ; .»i .J ;-ch • 2 5 5 mm.) thick. 

1 > needled lelt formed of about 2-mch i~h emi ionu. about 2 denier poixum- 
piienx lenei^opiithiaiamid.e > staple fiber- 

I'm !:m.:'. the penetration of hound or \ apor mto the tube bundle 2". at icao one 
mo;m.rc barric luxer. Vl; . « 'pin Mia! b. ma\ M' pio\;bmU to a, no fm Us\m: 
Moisture bailie: hi.*: max ' v ' termed a- .i pM.mcru f'.'uu which !- extiuUed m. 

2(i prefcrablx. spiral w rapped as a tape in an o\ crlappim: manner amue ax:- i 2 o\ci the oute; 
surface o! the fire rcsi-tum hoc' 4- ! Impcndinc o-;-cc a cam upon the number of tube 

materia: tm m.m.v uc mu'Xc: \r. c: > a ;vv\;>!e: wmch :-• marketed undci fn.c name 
2- \h!am iDnPout. 

I he moist ui e bun let !a \ cr >M . or ot iter ou term* i -t ki \ er. u: : ,u n. ma\ sliea'uiec. w : 
• ^e • ' ! . > • : he.,' - o*' eoaxta.dx surrounding protect i\ e on er ot uk ket. reterettced at on 
I ),u^ rd u ; .' • .p - u . u - - ■ ,% -c : .:c" :o-\ ■ a.ck et f 11 ' ::u> n e -P' : ,« I ••; i a; t ud: . . . . .0 ' o 



of an abrasion-resistant, thermoplastic materia! copoUmcr. or blend of a fiber. eiass. 
ccrum:^ . mePa ! fhed rr powam\ie. p- •• \o-cfm. poKe^u-v. p v > i \ urethaiie or other 

ihermn'phi^A eh:-:. •::;.: . • ::a^' fame- : e:ardam: ph;. \ \\:\ : chhride K\ 

"abrasion-resistantf " n i> mean: that such thermoplastic material :h - mrmm.j :ucket o( > ma> 
ha\e a hardness of between about no-Os Shore A dnrometer \^ mu\ be seen hot m the 
cross-scctiona! \:ew of l ie, 2. jacket ^" substantial!) conforms to the shape ol the tube 
bundle - M . atn! imparts a radialh compressive tovee thereon !o maintain the tube members 
14 m the bundle :n abuttine!) adiacent contact 

Although tile i i hi strati w :1a me - re! aidant tuhine bundle comm; ..ction i ' 1 i »! he- 1 and 
2 has been de^h'Kd whenem a thermal tran^ei .aver 2 { < > eu;p'<w.d a- an :r;::. -* up . > 
surround tube bundle 2o. and us meludme moisture barrier hr.cr >l! as an outermost iu>er 
with uieket -'< !| . o'ber von-truemms nee. be en\ issued m \ lew of the disclosure contained 
herein, and as d:etated h\ the requirements ol' the partieuiur application involved, lor 
example, multiple iu\ ei > a 1 n 4- a and ^ 1 ma\ be cmplov ed w nhm the construction 1 ( 1 

I h lis. an illustrative llame-retardant llexihle tubme bundle eonstruetion is desenbed 
which is partieularK adapted for vertical optical liber cable installations as u is heheved 
such construction would be m eenerai conforms!) w ith the requirements of I i looo. Such, 
coistructio-;. which p\o. be cn'uuw '.::c :mop!avk . m.o: ^ov :> c.oivm.cal mur.a'av n.::"e 
mu\ ; v jei^pkd v> a \ a: ;etv - a .ustiumentutiom ^onnh. vjiMia 1 . an.d : hud I'a^le 
applications 

\s :i :> anf.cipateii that certain chanees man. h- made in the present invention without 

depart;;:.: :n n :!.. p:eeep:> hc:^: .-'\ai. P > p\.:v.ed 'hut a: 1 ma'tc contained m the 
V-ieeoppp iks v ! n ' a ■ * : s\ : , ' :\/ pp^* p; etcd as v ..aid ■.•»: a- .: ^..;n-. \.' 

• a' . ■ a:a , - . -:cd here:*' a'e . xp'a — b • nc< *-pora!ed b\ releience 



